Abstract. The seasonal pattern of dehydrin accumulation was characterized during cold acclimation and deacclimation in the xylem tissues of genetically related (sibling) deciduous and evergreen peach (Prunus persica L.). Immunological studies indicate that a 60-kD polypeptide in peach xylem tissues is a dehydrin protein.
rinsed with deionized water and stored at -80°C until used for protein extraction. Xylem proteins were extracted from lyophilized and powdered tissue as described by Arora et al. (1992) . Sample preparation, sodium dodecyl sulfate polyacrylamide-gel electrophoresis (SDS-PAGE), and electroblotting of protein were performed as previously described (Arora et al., 1992; Arora and Wisniewski, 1994) . Electroblotted proteins were probed with a 1:1000 dilution of anti-dehydrin antiserum (kindly provided by Timothy Close). Seasonal cold hardiness values (LT 50 , based on the electrolyte leakage method) used in this study were derived from a previous study using the same samples, where we showed that seasonal LT 50 values were strongly correlated (r = 0.99) with the midpoint of seasonal low-temperature exotherms, as determined by differential thermal analysis (DTA) (Arora et al., 1992) .
Results and Discussion
Immunoblot data indicated a distinct seasonal pattern of accumulation of 60-kD dehydrin protein in the xylem tissues of both genotypes ( Fig. 1 A and B) . This protein became prominent in November, accumulated to high levels in January, and decreased during spring in deciduous peach. It was undetected in May. In the evergreen trees, it became prominent in November (at relatively lower levels than in deciduous trees), stayed at about the same level through January, and was not detectable from February onwards. Hence, the protein was present in higher amounts and for longer duration in the xylem tissues of the deciduous genotype than in the evergreen genotype ( Fig. 1 A and B) .
The seasonal patterns of accumulation of the 60-kD dehydrin protein paralleled the seasonal fluctuations of cold hardiness (LT 50 ) in the two genotypes ( Fig. 1 A and B) . The association of 60 kD protein with cold hardiness in xylem tissue, however, was not as strong as was previously reported for bark tissues (Arora et al., 1992) . In deciduous trees, in addition to 60 kD polypeptide, accumulation of other dehydrin-like proteins (ranging from 30 to 50 kD) also was evident during winter months (Fig. 1A) . These proteins were not present in evergreen siblings (Fig. 1B) . This pattern is consistent with seasonal profiles of soluble proteins from xylem tissues of the two genotypes (Arora et al., 1992) , which indicated more protein bands present in this range in deciduous trees than in the evergreens during winter months.
Results from this study and from our previous work (Arora et al., 1992; Wisniewski and Ashworth, 1986) indicate that cold acclimation in xylem tissues of peach is a physiologically dynamic process and that altered expression of specific, stress-induced proteins may be associated with cold acclimation in peach xylem tissues. Although the fluctuations in the LT 50 and dehydrin accumulation are associated, they do not exactly mirror each other. For example, the LT 50 of xylem tissues of the deciduous genotype increased from -11.0 °C (August) to -22.0 °C (October) before any ous and evergreen peach genotypes (Arora et al., 1992) . However, these proteins were not identified. Subsequently, we identified a 60-kD dehydrin protein in peach bark (PCA 60), which is associated with seasonal changes in the level of cold hardiness (Arora and Wisniewski, 1994) . Muthalif and Rowland (1994) have also reported the presence of dehydrin-like proteins that were associated with chill unit accumulation in floral buds of blueberry (Vaccinium corymbosum L. and V. ashei Reade).
Dehydrins are glycine-rich, hydrophilic, heat-stable proteins and are generally induced in response to a wide array of environmental stresses (low temperature, water stress, osmotic stress) having cellular dehydration as a common induction factor (Close et al., 1993) . The objective of this study was to determine whether the 60-kD dehydrin protein is present and associated with seasonal fluctuations in cold hardiness in peach xylem tissues. Additionally, seasonal patterns of its accumulation in sibling deciduous and evergreen peach were compared.
Materials and Methods
Current-year shoots were collected randomly at monthly intervals (August through May) from four to five trees each of 2-year-old sibling deciduous and evergreen peach at the Appalachian Fruit Research Station, Kearneysville, W.Va. Sibling populations of deciduous and evergreen peach (in F 2 generation) resulted from selfing of F 1 trees of Empress dwarf (deciduous) x P.I. 442380 (evergreen) (Arora et al., 1992) . Pooled samples were packed on ice and brought to the laboratory. Bark from collected samples was scraped with a razor blade. Debarked samples were Living xylem tissues of many temperate hardwoods, including deciduous fruit trees, survive freezing temperatures by deep supercooling, an avoidance mechanism (Ashworth and Wisniewski, 1991; George et al., 1982; Quamme, 1976; Wisniewski and Arora, 1993) . In contrast, bark and leaf tissues survive freezing stress by tolerating the dehydrative stress and cell collapse that result from the loss of cellular water to extracellular ice (Ashworth and Wisniewski, 1991; Wisniewski and Arora, 1993) . Wisniewski (1995) recently reviewed deep supercooling in woody plants.
As with other factors involved in cold acclimation, evidence indicates that a distinct seasonality in the expression of deep supercooling exists that determines cold acclimation and deacclimation in xylem tissues of temperate hardwoods (Burke et al., 1979) . Seasonal variation in deep supercooling has been documented for peach xylem tissues (Arora et al., 1992; Ashworth et al., 1983) . Recently, we provided evidence for a relationship between quantitative and qualitative fluctuations of several polypeptides and the cold hardiness of xylem tissues of sibling decidu- ating freeze-induced dehydration, is consistent with the putative role of these proteins. However, the observed association between seasonal accumulation and disappearance of dehydrin protein and cold acclimation capacity of peach xylem tissues is intriguing. Cold acclimation in these tissues is generally explained in relation to their ability to exhibit deep supercooling (Ashworth et al., 1983; Wisniewski, 1995) , whereby living cells of xylem survive freezing stress by avoiding the dehydrative effects of extracellular ice. If dehydrins are specifically induced in response to environmental cues that signal dehydrative stress as is generally believed (Close et al., 1993) , our results suggest that xylem tissues of peach undergo cellular dehydration during cold acclimation. This view is supported by the observation of microvacuolation in xylem parenchyma cells during cold acclimation (Wisniewski and Ashworth, 1986) . Based on the above observations, we speculate that peach xylem tissues may not fit entirely into the supercooling category but may possess an alternative mechanism of survival that could include some cellular dehydration. Ristic and Ashworth (1993) noted that xylem ray parenchyma cells of supercooling Cornus florida L. appeared to be injured due to intracellular ice formation and cavitation, whereas Malone and Ashworth (1991) noted that xylem parenchyma of Cornus sericea L. (nonsupercooling species) did not undergo cell collapse (cytorrhysis) in response to extracellular freezing and cellular dehydration, as expected. Gusta et al. (1983) also noted the ability of several species of woody plants whose xylem tissues exhibit deep supercooling to cold-acclimate below the homogeneous nucleation temperature of water and suggested that the xylem tissues were able to dehydrate and lower the freezing point. Collectively, these conclusions suggest that more comprehensive studies are warranted to fully understand the complex freezing behavior of xylem tissues of woody perennials.
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